INTRODUCTION
Sub-Saharan African (SSA) agriculture largely remains traditional and concentrated in the hands of smallholders. The key constraints to agriculture and farmers' livelihood improvements in the region include the linear top-down delivery of agricultural research, the failure for Agricultural Research and Development (ARD) systems to go beyond production, to encompass a comprehensive model that include markets, policy and natural resources management; the poor communication and partnerships among the actors within a commodity value chain (Stroud, 2004) .
The concept of Integrated Agricultural Research for Development (IAR4D) was proposed to bring solutions to the failures of ARD systems (Adewale et al., 2013) . The concept proposed operating principles and guidelines for stakeholders with different background and diverse interests to come together and critically analyse agricultural challenges, develop solutions and translate them into achievable targets. This operation brings the concerned actors to work together towards the fulfilment of common goals (Buruchara et al., 2013a) . Therefore, the Sub Saharan Africa Challenge Program (SSA-CP) initiated the proof of IAR4D principles in three pilot learning sites in SSA that included Kano-Katsina-Maradi Pilot Learning Site (KKMPLS) in West Africa, Zimbabwe-Malawi-Mozambique Pilot Learning Site (ZMMPLS) in Southern Africa; and Lake Kivu Pilot Learning Site (LKPLS) in Central and Eastern Africa (Adewale et al., 2013) . The LKPLS was established in the region bordering D.R. Congo, Rwanda and Uganda .
The key element of implementation and success of the proof of IAR4D concept in LKPLS, was the establishment of action sites called agricultural Innovation Platform (IPs) (Ngaboyisonga et al., 2014 ). An agricultural IP was defined as a forum where stakeholders establish relationships and partnerships for improving a situation or resolving a constraint, hence, establishing a well-structured social network . In Rwanda, four functioning action sites, namely, Gataraga, Remera, Mudende and Rwerere and their three counterpart counterfactual sites: Nyange, Gacaca and Bigogwe were established. Bigogwe was counterfactual of two action sites, that is, the North part of Bigogwe which was the counterfactual of Mudende; while the South part was the counterfactual of Rwerere. Action and counterfactual sites were chosen in a manner that they were as similar as possible in terms of marketing, productivity and natural resources management so that the major difference was the fact that action sites received IAR4D treatments and the counterfactual sites did not receive any treatment .
The principles of IAR4D are built upon four pillars; the first one involving integration of perspectives, knowledge, and actions of different stakeholders around a common theme or goal; while the second pillar requires integration of the learning that stakeholders gain from working together. The third pillar is integration of analysis, action and change across the different dimensions of development. The fourth pillar is integration of analysis, action and change at different levels of spatial, economic and social organisation (Adewale et al., 2013; Buruchara et al., 2013b) . In other words, stakeholders under IAR4D principles establish amongst themselves, known socio-agro-economic interactions and; hence, create complex socioagro-economic networks that are structured.
A social network is, thus a social structure made by individuals or organisations called nodes, which are connected or tied by one or more types of interdependencies such as friendship, kinship and common interest (Breiger, 2004; Butts, 2008) . Hence, a social network is a map of specified ties or interactions between the nodes (Hoppe and Reinelt, 2010; Wonodi et al., 2012) . In socioagricultural network, nodes are individuals or organisations drawn along the value chain of a commodity whereas the ties are the interactions between them like supply of inputs, training, provision of credit and dissemination of a new innovation or technology Jana et al., 2013; Ramirez, 2013) .
Social network analysis (SNA) is a research methodology concerned with the explanation of social phenomena, using the structural and relational features of the network of actors (Lienert et al., 2013) . Social network analysis provides an understanding of the goals, characteristics and relative influence of relevant groups and individual actors (Butts, 2008) . In addition, SNA characterises the linkages between those actors, particularly in terms of how information is exchanged; who is included or excluded from the process, with emphasis on interaction between stakeholder groups (Fischer, 2013; Huszti et al., 2013) . Social network analysis has become a popular way of analysing interactions between stakeholders in social networks in several disciplines such as medicine, natural resources management (Prell, 2009) , agriculture extension (Jana et al., 2013; Ramirez, 2013) and information technology (Martino and Spoto, 2006) .
When applied in action sites, the IAR4D system engages stakeholders to interact very actively and to establish interdependencies or partnerships among themselves depending on mutual benefits, interests and foreseen impacts to achieve a common goal. Therefore, this study was undertaken to analyse the patterns of partnerships between stakeholders and their partners in action sites under the IAR4D concept for technologies and innovation delivery.
MATERIALS AND METHODS
The study was conducted in seven sites established at sector administrative entity level in highlands of Rwanda. These sites were identified, characterised and used to prove the concept of IAR4D in LKPLS, as described by Tenywa et al. (2011) and Tenywa et al. (2013) . The seven locations included four action sites or Innovation Platforms (IPs): Gataraga, Remera, Mudende and Rwerere; and three counterfactual sites: Nyange, Gacaca and Bigogwe. The northern part of Bigogwe was counterfactual for Mudende, whereas the southern part was the counterfactual for Rwerere (Table 1 ). All these sites were situated between latitudes: 1º25'07.91''S and 1º41'46.23''S, longitudes 29º19'04.55''E and 29º56'32.25''E, and altitudes between 1850 masl and 2477, masl. The sites had complex cropping systems, characterised by the predominance of smallholder farmers, as described by Farrow et al. (2013) .
Stakeholder analysis was conducted in the seven sites of the highlands of Rwanda in May 2010, two years after the implementation of IAR4D, following the procedures of Bryson (2004) . In action sites, the list of organisation stakeholders and their individual representatives, were already established during several meetings with IP members. In counterfactual sites, the list of relevant organisation stakeholders and their representatives was established during meetings held with local authorities, opinion leaders and farmers representatives prior to stakeholder analysis.
The identified individual representatives of stakeholder organisations in each site (Table 2 ) were invited to stakeholder meetings that were held at the sector headquarters of action and counterfactual sites. These meetings had the objective of identifying the types of agricultural partnerships and the links between stakeholders and their partners. During the meetings, the respondents were exposed to assessment questionnaire that was developed to map the stakeholders, their activities and the partner organisations. The assessment questionnaire was developed and pre-tested in other sites that were very far from both action and counterfactual sites.
In a plenary session, participants were then guided on how to complete the questionnaire. In situations where a participant was unable to read or write, facilitators interviewed the respondents and completed the questionnaire on their behalf. Also, in the questionnaire, emphasis was put on the partnerships where it was required to indicate the partner organisation with the stakeholder or the activities of individual partner, the type of organisation, if the partnership was formalised and the strength of the partnership. The strength of the partnerships had five levels: very weak, weak, medium, strong and very strong. The "very weak" partnerships between the stakeholders and the partners were established through electronic interactions such as phone calls, Short Message Systems (SMSs) and electronic mails while the "weak" partnerships were created by interactions faceto-face. The "medium partnerships" were Analysis of partnerships between the stakeholder organisations and their partner institutions was conducted using the SNA procedures as described by Ramez et al. (2013) , Hoppe and Reinelt (2010) and Prell (2009) , whereas the mapping was done using the net draw computer package as described by Clark (2006) .
RESULTS AND DISCUSSION
Composition of stakeholder organisations. Two hundred and thirty respondents participated in the stakeholder analysis meetings, with 48.7 % coming from action sites and 51.3% from counterfactual sites ( Table 2) . Local administration and farmers representatives (LADF) were the most predominant stakeholders (62.6%), both in action sites (54.5%) and counterfactual sites (70.3%). However, they were slightly frequently higher in counterfactual sites than in action sites. Other stakeholders frequently present at significant extents in action sites were cooperatives and farmers associations (COAS) (21.4%), extension agents (8.0%), input suppliers (6.3%) and NGOs (5.4%); while in counterfactual sites they were extension agents (15.3%) and Cooperatives and COAS (6.8%).
The composition of respondents showed that they were more diverse types in action sites than in counterfactual sites. Furthermore, new stakeholders such as NGOs and input suppliers emerged in action sites ( Table 2) . The presence of such new stakeholders in the actions sites can be attributed to IAR4D approaches, which encompasses all aspects of the value chains and, hence increases, diversifies, and engages relevant stakeholders and partners in the network (Buruchara et al., 2013b) . Overall, women represented 17% of all respondents: 20.5% of respondents in action sites and 13.6% in counterfactual sites (Fig. 1) . The involvement of more women in action sites compared to counterfactual sites can be attributed to the incorporation of gender aspects in IAR4D (Adewale et al., 2013) . Hence it can be used to reduce the gender gap in agricultural technological innovation transfer and adoption.
Partnerships analysis. In action sites, 31.1% of LADF stakeholders were linked to NGOs, 37.7% to other LADF partners, 14.8% to extension services, 24.6% to input suppliers and 8.2% to research partners. In COAS, 33.3% of them were connected to NGOs, 16.7% to LADF, 33.3% to input suppliers, 16.5% to extension and 12.5% to research. Furthermore, 8.3% of input supplier category of stakeholders was linked to extension, 8.3% to research, 8.3% to LADF and 4.2% to NGOs; whereas 20.8% of extension category of stakeholders were linked to extension partners and 4.2% to research. NGO stakeholders were also present and 12.5% of them were connected to NGOs category of partners, 4.2% to LADF and 4.2% to research (Figs. 2 and 3) .
The links of stakeholders to partners in action sites resulted in establishment of dense and dynamic agricultural relationships with partners, and an important flow of information under IAR4D scheme. Nyikahadzoi et al. (2013) found IPs under IAR4D provided access to information on markets, farming technologies and innovations. The establishment of dense and dynamic agricultural partnerships indicates that IAR4D could be an efficient mode of technological innovation transfer and adoption. Adekunle and Fatunbi (2012) found that with IAR4D, it was possible to conduct agricultural research and development activities in a mode that yield better returns to investment in terms of improved farm productivity, improved income, better livelihood and quality of life for the farmers.
It was clear that stakeholders established interactions with more partners of different types (Figs. 2 and 3) . In several cases, a stakeholder was linked to more than two partners; and interfaces between stakeholders and partners were established in all directions i.e. horizontally and vertically, thus indicating complete departure from the linear system (Adewale et al., 2013; Buruchara et al., 2013b) .
The agro-social networks of partnerships between and among stakeholders, and partner organisations in action sites under the IAR4D were quite complex, and were characterized by high density and degree of distribution; indicating very dynamic, active and interactive networks (Cohen and Havlin, 2007; Butts, 2008 Hofstad, 2014) . Nkonya et al. (2013) and Ngaboyisonga et al. (2014) reported that stakeholders in IPs under IAR4D were connected to the partners because of mutual and potential benefits, interests, contributions and potential impact they could achieve in order to realise the common objectives.
The frequent partners linked to various stakeholders included NGOs (27.7%), LADF (26.8%), input suppliers (20.5%), extension (18%) and research (10.7%). Moreover, 42.0% of stakeholders established partnerships with two or more partners; whereas 16.0% of them established partnerships with four or more partners (Figs. 2 and 3) . Additionally, 54.8% of partnerships were formalised, meaning they were established through a memorandum of agreement or any other written document; while the rest were not formalised (Fig. 3) . Most of the partnerships had medium strengths (32.4%). However, very strong partnerships (25.4 %) were highly frequent as well. Together, strong and very 
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Research: 10.7% strong partnerships were frequent at 37.1% (Fig. 3) . In action sites under IAR4D, the most popular partners were those that provided agricultural inputs such as NGOs and input suppliers (Figs. 2 and 3) . Furthermore, most of the partnerships were formalised and had medium to very strong linkages and, hence, were durable and sustainable (Adewale et al., 2013; Buruchara et al., 2013b) . This was an important evidence that IAR4D increased and directed the relationships towards relevant partners capable of responding efficiently to the needs of the stakeholders; and hence accelerated the achievements of goals. Mango et al. (2015) pointed out that IAR4D could be recommended over other ARD models as an approach that addresses household food security through increased agricultural production.
In the counterfactual sites, all LADF stakeholders established relationships with LADF partners; while all extension stakeholders were linked to extension partners, all COAS stakeholders connected to COAS partners and all marketing stakeholders also connected to marketing partners (Figs. 4 and 5) . In fact, stakeholders were linked exclusively to partners of the same kind. Moreover, each stakeholder was linked to one partner (Figs. 4 and 5) . Additionally, 59.5% of partnerships were formalized (Fig. 4) whereas very weak and weak partnerships represented 49.4% (Fig. 5) .
The agro-social networks of partnerships (ties) between and among stakeholders, and partners (nodes) in counterfactual sites under ARD systems, were very simple where nodes (stakeholders and their partners) were connected to others with only one link (one tie). Furthermore, they were characterised by absence of dynamism; they were inactive and passive. Stakeholders exclusively established relationships with partners of the same kind, probably because of lack of awareness of the benefits of networking with different partners, or lack of agricultural interactions between stakeholders and partners, such as provision of agricultural inputs. Further, the networks of partnerships were probably based on relationships other than agricultural partnerships, such as friendships, having a common marketing business and working in the same organisation (Hoppe and Reinelt, 2010; Lienert et al., 2013) . Hence, the popular partners coincided with the dominant class of stakeholders, implying that partnership was driven by service delivery but not agricultural input delivery.
CONCLUSION
The Integrated Agricultural Research for Development (IAR4D) concept was proposed as an innovative system that engages stakeholders to interact very actively and to establish interdependencies or partnerships among themselves depending on mutual benefits, interests and foreseen impacts to achieve a common goal, as such, IAR4D systems have several advantages over the traditional Agricultural Research and Development (ARD). Therefore, this study was undertaken to analyse the patterns of partnerships between stakeholders and their partners in action sites under the IAR4D concept for technologies and innovation delivery. It has been found that IAR4D systems in action sites engages more women than ARD models in the counterfactual sites and, hence, may be one potential approach for reducing gender gaps in agricultural technological innovation transfer and adoption.
The IAR4D system in the action sites creates complex, dynamic, active and interactive agro-social networks of agricultural partnerships (ties) between stakeholders and partners (nodes). Furthermore, stakeholders are in different field of activities from the partners depending on the relevance of the service provided through establishment of partnerships. In the counterfactual sites under ARD system, however, the agro-social network is very simple and not active and each stakeholder is in relationship with one partner. Stakeholders and partners are in the same field of activities.
The presence of complex networking of agricultural partnerships among stakeholders and their partners in action sites implies that IAR4D is an efficient tool of agricultural technological innovation delivery and adoption than the top-down linear model of ARD. It creates more awareness through interfaces between stakeholders and brings more and tangible outputs.
It has been clearly shown that IAR4D system possesses several advantages over ARD model although the sample of stakeholders used in this study was probably not representative of all subsets of organisations and partners. It creates dense interfaces and enhances the networking system and hence delivers efficiently technologies and innovations. Therefore, it can be recommended as an efficient tool for agricultural research and innovation delivery as it addresses several gaps of ARD systems.
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